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Homozygous human immunodeficiency virus type 1 (HIV-1)-transgenic mice (Tg26) appear normal at birth
but die within 3 to 4 weeks. The skin of these animals shows diffuse scaling and high-level expression of both
HIV-1 mRNA and gp120. Previous experiments showed that treatment with human chorionic gonadatropin
(hCG) prevented death and the expression of HIV-1 mRNA and gp120. The present experiments were initiated
to study the role of tumor necrosis factor alpha (TNF-�) in HIV-1-induced pathology. Examination of the sera
of Tg26 mice revealed a 50-fold increase in TNF-� levels compared to those in nontransgenic mice. Treatment
with antibody to TNF-� prevented death, resulted in near normal growth, and produced a marked decrease in
skin lesions and a profound reduction in the expression of HIV-1 mRNA and gp120. Both TNF-� antibody and
hCG reduced TNF-� levels in sera by approximately 75%. We conclude that TNF-� contributes in a major way
to HIV-1-induced pathology in transgenic mice and that both hCG and antibody to TNF-� prevent the
development of pathology by suppressing the level of TNF-�.

Infants vertically infected with human immunodeficiency vi-
rus type 1 (HIV-1) show growth retardation and severe weight
loss that can lead to death (15, 30). A variety of factors, in-
cluding the overproduction of certain cytokines, have been
implicated as possible causes (3, 26, 31). The HIV-1-transgenic
mouse line Tg26, which carries a 7.4-kb HIV-1 construct lack-
ing a 3.0-kb sequence encompassing the gag-pol (�gag/pol)
region of the provirus pNL4-3 (8), has been used to study
HIV-1-induced pathology in mice (17). Heterozygous Tg26
mice exhibit normal appearance and near normal growth but
develop nephropathy and hyperproliferative skin lesions (e.g.,
papillomas) in adult life. Homozygous Tg26 mice are normal in
appearance and weight at birth but develop debilitating ca-
chexia and diffuse scaling of the skin and die within 3 to 4
weeks after birth (10, 17–19). Previously, it was shown that
treatment of newborn homozygous Tg26 mice with human
chorionic gonadotropin (hCG) prevented death, reduced skin
lesions, and resulted in near normal growth (7). At the molec-
ular level, treatment with hCG reduced the expression of
HIV-1 mRNA and gp120 protein. The exact mechanism by
which hCG or still unidentified peptides within hCG prepara-
tions (21) mediate these effects is not known, however.

In vitro and in vivo studies have shown that HIV-1 infection
can induce the secretion and elevation of proinflammatory
cytokines such as interleukin 1� (IL-1�), IL-6, and tumor ne-
crosis factor alpha (TNF-�) (6, 16, 27). In some cases, a direct
correlation between the level of proinflammatory molecules

and viral load has been observed (2, 14, 29). One of these
molecules, TNF-�, is known to act upstream to many proin-
flammatory molecules and can contribute to inflammation and
tissue damage (36). What role TNF-� actually plays in HIV-
1-induced pathology in Tg26 mice is not clear, however. The
present study was initiated to examine the role of TNF-� in
HIV-1-induced pathology in homozygous Tg26 mice.

Quantitation of inflammatory cytokines in sera of Tg26
mice. The inflammatory cytokines IL-1�, IL-1�, IL-6, and
TNF-� were measured by enzyme-linked immunosorbent as-
say in the sera of 3- to 4-week-old Tg26 homozygous, Tg26
heterozygous, and nontransgenic mice. IL-1� and IL-1� re-
mained in the normal range in the three groups of mice (Fig.
1A and B). IL-6 levels were elevated about twofold in the
heterozygous mice and nearly fourfold in the homozygous mice
compared to those found in the nontransgenic mice (Fig. 1C).
In contrast, TNF-� was elevated 6- to 12-fold in the heterozy-
gous mice and nearly 50-fold in the homozygous mice (Fig.
1D).

Effect of TNF-� and anti-TNF-� antibody on growth of
homozygous Tg26 mice. To see if the elevated levels of TNF-�
contributed to cachexia and death, homozygous Tg26 mice
were treated with anti-TNF-� or TNF-�. One day after the
pups were born, mothers were given subcutaneously 2 �g of
anti-mouse TNF-� polyclonal antibody (R & D Systems, Min-
neapolis, Minn.) twice a week. When the pups were 5 days old,
they were given subcutaneously 1 �g of anti-mouse TNF-�
antibody twice a week. At 6 weeks of age, the dosage was
increased to 2 �g twice a week. In other experiments, mice
were treated subcutaneously with 200 ng of recombinant
mouse TNF-� (R & D Systems) twice a week. As shown in Fig.
2, TNF-�-treated homozygous mice grew at a somewhat slower
rate than phosphate-buffered saline (PBS)-treated homozy-
gous mice and mice in both groups died within 20 days. In
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contrast, homozygous Tg26 animals that had received anti-
TNF-� did not die and exhibited progressive weight gain, al-
though at a pace somewhat slower than that for untreated
heterozygous transgenic mice (Fig. 2) or untreated nontrans-
genic mice (7).

Expression of gp120 in homozygous Tg26 mice. Homozy-
gous Tg26 mice develop proliferative lesions characterized by
diffuse epidermal hyperplasia and keratosis (19). To study the
effect of TNF-� and anti-TNF-� on these lesions, skin samples
from TNF-�- and anti-TNF-�-treated mice were stained for
HIV-1 gp120 expression as described previously (7). Figure 3A
shows that the expression of gp120 was high in PBS-treated
homozygous mice. The pattern was similar to that observed
previously (7). Treatment with anti-TNF-� inhibited almost
completely the expression of gp120 (Fig. 3B), whereas treat-

ment with TNF-� (Fig. 3C) enhanced the expression of gp120
compared to that for the PBS-treated mice (Fig. 3A). These
findings are similar to those observed when homozygous Tg26
mice were treated with hCG (7).

Expression of HIV-1 mRNA in homozygous Tg26 mice. Pre-
vious studies showed that the muscle and skin from Tg26
homozygous mice expressed high levels of HIV-1 mRNA,
with the 2- and 4-kb messages being more abundant than the
7-kb message (7). Treatment with hCG markedly reduced
the expression of HIV-1 mRNA (7). Since TNF-� is known
to up regulate HIV-1 mRNA expression (14), we wanted to
see whether treatment with TNF-� would enhance, whereas
treatment with anti-TNF-� would suppress, HIV-1 mRNA
expression in Tg26 mice. Figure 4 shows the expected 2- and
4-kb bands from the skin of PBS-treated homozygous Tg26

FIG. 1. Cytokine levels in sera of nontransgenic, Tg26 heterozygous, and Tg26 homozygous mice. (A) IL-1�; (B) IL-1�; (C) IL-6; (D) TNF-�.
Serum samples from eight animals were collected and analyzed in triplicate. Bars denote the standard error of the mean. *P � 0.05; **P � 0.005.
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mice. Treatment with TNF-� substantially increased the ex-
pression of the 4-kb band as well as that of the 7-kb band. In
contrast, treatment with anti-TNF-� or hCG (Sigma Chem-
ical Co., St. Louis, Mo.) greatly reduced the expression of
both the 2- and 4-kb bands.

TNF-� levels in sera of anti-TNF-�- and hCG-treated
mice. The level of TNF-� in the sera of Tg26 homozygous
mice that had been treated with anti-TNF-� or hCG was
determined by enzyme-linked immunosorbent assay. As
shown in Fig. 5, both anti-TNF-� and hCG reduced the level
of TNF-� by 75 to 80% compared to that in samples taken
from PBS-treated mice.

Large amounts of TNF-� are secreted into the serum in
response to a wide variety of inflammatory stimuli and infec-
tions including HIV-1 (40). High-level expression of TNF-�
induces the biosynthesis of molecules that cause tissue necrosis
(e.g., collagenases, proteases, and reactive oxygen species).
TNF-� also can cause cell death by apoptosis (20). Elevated
levels of circulating TNF-� have been linked to a wide variety
of diseases, including arthritis, diabetes, Crohn’s disease, and
cachexia associated with terminal cancer and AIDS (23). Stud-
ies over the last several years have shown that the down reg-
ulation of TNF-� by TNF-� blockers can reverse some of the
clinical effects of these disorders in both animals and humans
(4, 13, 28, 32, 36, 37). Our experiments with anti-TNF-� show
this to be the case in homozygous Tg26 mice.

It is known that up regulated TNF-� can, in turn, up regulate
the transcription factors NF-�B and AP-1, which mediate the
expression of a number of downstream TNF-�-responsive

genes (5, 34, 35). NF-�B and AP-1 are known to affect the
actual replication of HIV-1 (41). NF-�B and AP-1 bind to
specific DNA sites in the long terminal repeats of HIV-1, and
this enhances HIV-1 replication (9, 11, 12, 25). Since the
TNF-� promoter also contains NF-�B and AP-1 binding sites,
TNF-� can positively up regulate its own synthesis, leading to
the persistence of inflammation and tissue damage (24, 38, 39).
Thus, the down regulation of TNF-� by anti-TNF-� is the most
likely explanation for the suppression of HIV-1-induced dis-
ease in Tg26 homozygous mice.

Previously, it was shown that treatment of Tg26 mice with
hCG prevented cachexia and death (7). In the present study,
we demonstrated that treatment of Tg26 mice with hCG re-
duced TNF-� levels in serum. This suggests that hCG may also
exert its protective effect on Tg26 mice by suppressing TNF-
�-induced activation pathways. Similarly, the suppression of
streptococcus cell wall-induced arthritis by hCG may be medi-
ated through the reduction of TNF-� levels (33). Evidence that
hCG actually can suppress TNF-�-induced pathways, particu-
larly NF-�B and AP-1, was recently provided by Manna and
colleagues (22).

In conclusion, our studies show that TNF-� is elevated in
HIV-1-Tg26 mice and that reduction of TNF-� levels by either
anti-TNF-� or hCG inhibits the expression of HIV-1 proteins
and prevents cachexia and death. Anti-TNF-� acts by neutral-
izing extracellular TNF-�, whereas hCG acts intracellularly by
blocking steps in the TNF-�-induced NF-�B gene activation
cascade. The combination of these two molecules may prove to

FIG. 2. Body weight of Tg26 homozygous mice treated with PBS (8 animals), TNF-� (4 animals), or anti-TNF-� (10 animals) and body weight
of Tg26 heterozygous mice treated with PBS (7 animals). Bars denote the standard error of the mean.
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FIG. 3. Effects of TNF-� and anti-TNF-� on gp120 expression in the skin of Tg26 homozygous mice. Sections of skin from Tg26 mice treated
with PBS (A), anti-TNF-� (B), or TNF-� (C) and incubated with polyclonal sheep anti-gp120 immunoglobulin G (1:2,000 dilution); sections of
skin from Tg26 mice incubated with normal sheep serum (D). Immunoperoxidase staining was performed by the streptavidin-biotin complex
technique using a Histostain-SP kit (Zymed, Burlingame, Calif.). All sections were counterstained with hematoxylin.

FIG. 4. Effect of TNF-�, anti-TNF-�, and hCG on HIV-1 mRNA
expression in the skin of Tg26 homozygous mice as determined by
Northern blot analysis. Hybridization was carried out with an HIV-1-
specific Nef cDNA probe (1). RNA samples in each lane were equal-
ized prior to loading on the gel and confirmed by ethidium bromide
staining of the gel (not shown).

FIG. 5. TNF-� concentration in sera of 20- to 30-day-old Tg26
homozygous mice that had been treated with PBS, anti-TNF-�, or
hCG. Each sample was assayed in triplicate, and the bars denote the
standard error of the mean. *P � 0.005.
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be of therapeutic value not only in AIDS but also in a variety
of other TNF-�-associated disorders.
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